A computer simulation was performed to see if the distribution of quantitative characters fits to the normal distribution, where the number of loci is relatively small and gene frequencies and genotypic values are different over the loci. Four models (semidominance, incomplete dominance, complete dominance and overdominance models) were proposed, and a good fit was derived even the number of loci is less than twenty or sometimes less than ten.
INTRODUCTION
Recent trends of genetic studies on a number of non-Mendelian human familial diseases are to look for contributing gene loci and physiological functions of the gene products. Quite often such diseases are regarded as threshold characters with underlying liability to the diseases, which is assumed to fit to the normal distribution.
Theoretically the assumption of the normal distribution of the liability or quantitative characters in general is valid, provided the number of gene loci is infinite, even if gene frequency and genotypic value are not the same over the loci, according to central limit theorem. If this provision of the infinitely large number of gene loci holds dogmatically, then the attempts of identifying gene loci and gene products become almost hopeless. However, in actual cases the number of contributing loci can be relatively small. In such cases and at the same time when gene frequency and genotypic value are different over the loci, approximation to the normal distribution of liability is not validated. This is a fundamental problem in the studies of quantitative characters.
The present paper reports the results of a computer simulation carried out to see whether or not the approximation to the normal distribution is attained under the above mentioned conditions. The result indicates a fairly good fit to the normal distribution, even if the number of loci is under twenty, sometimes under ten.
METHODS
We take N independent loci (N=3, 4, 6, 8, 12, 16) Assuming additive effect over the loci and ignoring epistasis and environmental effect, we computed X=~SEN., and Y----IIFN.
for all possible combinations of genotypes and respective genotypic values. Mean, variance, skewness and kurtosis were also computed for each combination of genotypes, and Y was plotted according to 15 classes of X with equal intervals. Same computations were repeated three times using different sets of random PN, AN.l, AN.2, and DN.
RESULTS
Parameters generated are given in Tables 1-4, rounded tion of genotypic values is either discrete or multimodal, particularly in complete dominance model, as anticipated. As the number of loci increases, the frequency distribution approaches to the normal distribution, as seen in Figs. 1--4 and skewness and kurtosis shown in Tables.
DISCUSSION
As far as we are aware nobody has attempted to deal with the subject matter empirically, except in a very simple situation where gene frequency and genotypic value are fixed over a relatively few loci (e.g. Falconer, 1981) . If these two unrealistic stipulations are avoided, namely if different gene frequencies and different genotypic values at different loci were taken, a manual computation is practically prohibited, since as the number of loci increases, the number of possible combinations of genotypes becomes tremendously large even in two-allele model at each locus: if N=16, the numbers of combination of genotypes and respective genotypic value are both 21S=6x 104 (complete dominance model) or 316=4x l0 T (other models).
Though the models used in the present study are simple, and do not cover all actual situations, a good approximation to the normal distribution was attained even the number of loci is less than twenty, sometimes less than ten. The result provides a basis for hypothesizing the normal distribution in a number of human quantitative characters, and may encourage future studies to look for contributing gene loci and functions of gene products in quantitative characters including liability to diseases.
